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Mission Statement

The mission of State Fire Training is to enable the California fire service to safely protect life and
property through education, training, and certification.

California Fire Service Training and Education System

The California Fire Service Training and Education System (CFSTES) was established to provide a
single statewide focus for fire service training in California. CFSTES is a composite of all the elements
that contribute to the development, delivery, and administration of training for the California Fire
Service. The authority for the central coordination of this effort is vested in the Training Division of
the California State Fire Marshal's Office with oversight provided by the State Board of Fire Services.

The role of CFSTES is one of facilitating, coordinating, and assisting in the development and
implementation of standards and certification for the California fire service. CFSTES manages the
California Fire Academy System by providing standardized curriculum and tests; accredited courses
leading to certification; approved standardized training programs for local and regional delivery;
administering the certification system; and publishing Career Development Guides, Instructors Guides,
Student Manuals, Student Supplements, and other related support materials.

This system is as successful and effective as the people involved in it are. It is a fire service system
developed by the fire service, for the fire service... and we believe it is the best one in the country.

Acknowledgments

The State Fire Training Curriculum Development Division coordinated the development of the
material contained in this guide. Before its publication, the Statewide Training and Education Advisory
Committee (STEAC) and the State Board of Fire Services (SBFS) approved this guide. This guide is
appropriate for fire service personnel and for personnel in related occupations that are pursuing State
Fire Training certification.
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Introduction to the Manual

This publication is intended to serve as a student manual and includes information for a complete
understanding of the topic with applicable activities. Appendices may be added as necessary to meet
minimum course requirements.

State Fire Training gladly accepts your comments and suggestions for future
enhancements or revisions to this document. Please forward to:

CDF/State Fire Training
Curriculum Development Division
4501 State Highway 104
Ione, California 95640-9705
or email
alicia.hamilton@fire.ca.gov
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Course Outline

Course Objectives: To provide the student with. ..

e An introduction to human resource management.

e An overview of the organizational structure used within the fire service, including duties and
responsibilities.

e An introduction to communication skills appropriate for reporting on conditions and
managing resources at an emergency scene.

e Information on how to compile a prefire plan and how to utilize that information when
responding to an emergency incident.

e The opportunity to size-up emergencies and identify the strategies, tactics and methods
necessary to manage given scenarios.

e An overview of the common causes of fire fighter deaths and injuries, and appropriate safety
measures to protect personnel.

(0700 ¢3Il @0 o] (=] o1 ST PP PT R PRPPRTPRPOTRRPR 40:00
1. Orientation and AdMINISITALION.........ccoiiiiiiiieieee e neeenee e 1:30
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8. EXUNQUISNING AQENTS .....cuiiiiiieicce ettt et et e s te e ae e saeenreenee e 0:30
9. WaALer APPHCAIION ...ttt 0:45
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16.  State and Federal RESOUITES .........coiiiiiiiiiiie ettt bbb e 0:15
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Topic 1: Orientation and Administration

Topic 1: Orientation and Administration

Course Goals

This course is designed to provide the students with the following:

U An introduction to human resource management.

O An overview of the organizational structure used within the fire service, including duties and
responsibilities.

O A review of communication skills appropriate for reporting on conditions and managing resources
at an emergency scene.

O Information on how to compile a prefire plan and how to utilize that information when responding
to an emergency incident.

O An opportunity to size-up emergencies and identify the strategies, tactics, and methods necessary
to manage given scenarios.

O An overview of the common causes of fire fighter deaths and injuries, and appropriate safety
measures to protect personnel.

NFPA 1021, Standard for Fire Officer Professional Qualifications

The Fire Command 1A curriculum encompasses a great number of subjects, skills, and goals geared
towards structural fire fighting. This curriculum addresses, either partially or in full, the following
requirements from NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 Edition. It
includes requirements at Fire Officer Level | (Sections 2-2 through 2.13), Fire Officer Level 1l
(Sections 3-2 through 3-13), and Fire Officer Level 111 (Sections 4-2 through 4-13).

Standard
2-2 i,
2-2.2

2-2.6

2-4: .
2-4.1

Description

Human Resource Management

Differentiate between the types of verbal orders or commands that an officer would use
in each of the following situations:

(a) During an emergency operation
(b) While working in the station
(c) During a training session

Demonstrate the ability to plan, assign, coordinate activities, and establish priorities at
the unit level, given the job requirements of subordinate positions.
Organizational Structure

Identify the authority and responsibility of each component of the fire department.
Given a table of organization for the fire department, include lines of authority and the
duties and responsibilities of each rank in both line and staff functions.
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2-4.2

2-11:
2-11.2
2-120
2-12.1

2-12.2

2-12.3

2-12.4

2-13 i,
2-13.1

Identify the duties and command responsibilities of fireground officers using the
incident management procedures adopted by the authority having jurisdiction at each of
the following resource levels:

(@) A single unit response
(b) A multi unit response
(c) A major incident involving multiple units responding at various times

Communication Skills. Complete a narrative report detailing both an emergency and a
nonemergency incident.

Planning. Prepare an pre-incident plan that identifies hazards for each of the following
occupancies:

(@ Assembly
(b) Educational
(c) Residential

Inspection, Investigation, and Public Education
Demonstrate methods used to identify and preserve evidence and secure a fire scene.
Emergency Service Delivery

Identify the factors that must be considered during a size-up to determine procedures for
control of an emergency situation, given an incident.

Given an interior fire situation:

(@) Describe how the fire may extend within the building
(b) Describe how to control the spread of fire within the building

Given an exterior fire situation:

(@) Evaluate the situation

(b) Describe how to control the spread of the fire to keep it from extending to adjacent
buildings

Identify the attack procedures required to control, confine, and extinguish fires in each

of the following situations, if typical, within the authority having jurisdiction:

(@) Structures

(b) Flammable liquids
(c) Flammable gases
(d) Hazardous materials
(e) Exterior wildland

Safety
Identify the most common causes of personal injury to the fire fighter.
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3T i, Government Structure

3-7.1 Identify the functions of other bureaus, agencies, and divisions of government and the
need for interagency and intergovernmental cooperation.

3-10: . Planning

3-10.1 Prepare a prefire plan for a given target hazard using forms, symbols, and maps

prescribed by the authority having jurisdiction. Include elements describing the
utilization of personnel, equipment and extinguishing agents.

3-10.2 Prepare an operational plan that identifies the required resources and safety
considerations for the safe and successful control of an incident involving any of the
following materials:

(@) Flammable liquids
(b) Flammable gases
(c) Poisons

(d) Explosives

(e) Radioactive materials
() Flammable solids
(g) Reactives

(h) Corrosives

311, Inspection, Investigation, and Public Education
3-11.4 Given water system reference materials:

(a) Describe the water supply facilities as they apply to fire department operations

(b) Identify the procedure for mapping auxiliary water supplies to supplement the
normal system

(c) Differentiate between sewer and drainage lines

3-120 i, Emergency Service Delivery

3-12.1 Determine the resources required for control and demonstrate the assignment and
placement of these resources for any of the following:

(@) Flammable liquids
(b) Flammable gases
(c) Poisons

(d) Explosives

(e) Radioactive materials
(f) Flammable solids
(g) Reactives

(h) Corrosives
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4-11: . Inspection, Investigation, and Public Education

4-11.4 Evaluate and identify the construction features that might contribute to the spread of
fire, heat and smoke throughout the building or from one building to another, given fire
inspection reports for each of the following occupancies:

(@) Public assembly
(b) Educational

1. Residential

2. Nonresidential
(c) Institutional
(d) Residential
(e) Stores and offices
(f) Basic industry
(9) Manufacturing
(h) Storage
(i) Special properties

4-12:..ce. Emergency Service Delivery

4-12.1 Analyze an emergency incident requiring multiple company operations to determine the
resources required for control and demonstrate the assignment and placement of the
resources.

4-12.2 Describe the principles of delegation of authority at an emergency incident.
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Topic 2: The Learning Process

Good fireground commanders are all around us. We often watch them and wonder what their secret is.
The truth is that there is no secret. These skills are learned though experience and education. That
learning process must be understood in order to benefit others.

Knowledge and Experience

The learning process consists of a conscious effort to raise both one's base of knowledge and one's
level of experience. Knowledge is that which is known, an inventory of facts. It is acquired through
formal classes, reading or self study, and listening to others who share their knowledge.

Experience consists of the events or circumstances that one has lived through. Experience is gained by
exposing oneself to situations, environments, problems, and circumstances. It is important to note that
longevity is not always an accurate indicator of one's level of experience. One year's experience
repeated 20 times is but one year of experience.

Knowledge and experience can be transferred. You can increase your knowledge by studying or
listening to someone else's experiences. You can enhance your experience level by applying
knowledge to an appropriate situation.

As a fire officer, you must be able to draw upon both knowledge and experience during many aspects
of your job. Take, for example, a fire prevention inspection where you encounter code violations. Your
knowledge of the codes, combined with your experience of actual fires, gives you more credibility and
more confidence when trying to gain compliance from the building owner.

It is even more critical when you are faced with commanding a "once-in-a-lifetime™ situation. Not
many fire officers have experience commanding an aircraft crash because, fortunately, they do not
happen that often. So, what can you do when so many lives are depending on you and you do not have
a lot of time to formulate a game plan? You have to draw upon both knowledge and experience. Your
knowledge base may include training in crash rescue, aircraft construction, Class B fuels, and
extrication techniques. You have experience with Class B fires, application of foam, extrication,
rescue, and first aid. You may have participated in mass casualty drills simulating aircraft crashes. A
good fire officer utilizes both knowledge and experience as a foundation for making decisions in this
new situation.

A Synergistic Balance

The best choice when selecting a fire officer is a person who has a good balance of experience and
education. An officer with reasonably good education, but not much field experience, may be very
"book smart.” Yet, being able to perform well on written tests in the classroom is no guarantee that an
officer is ready to make command decisions during the heat of battle. An officer with a lot of field
experience, but little education, may be less confident in his or her decisions because they are based
more on intuition than a solid foundation of formal training.
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Figure #2.1: The Synergistic Balance

Little education, but reasonably
high field experience.

Knowledge

Experience

Reasonably good education, but
not much field experience.

Knowledge

Perfect combination of

experience and education.

_/ Balance. The best choice in
Experience Knowledge

Reinforcement

In order for learning to take place, experience and knowledge must build on one another. The key
factor is positive reinforcement. Do not repeat behavior that brings about negative results. If you make
mistakes, learn from them and move one. Learn from the mistakes of others. Most important, repeat
the behaviors that bring success. Look at any successful athlete, musician, or professional in any field.
They become successful by practicing repeatedly to improve their performance. It is no different in the
fire service.
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Summary

The learning process is a combination of both knowledge and experience and goes hand-in-hand,
particularly on the fireground when we are often faced with new situations that require us to make the
right decisions very quickly. The best fire officer is one who has a good balance of experience and
education. Education can be acquired through formal training. But, experience comes from practice.

Review Questions

1. What is the difference between knowledge and experience?

2. How can knowledge and experience be transferred?

3. Why is a good balance of education and experience important?

4. What is the key factor in learning to apply education and experience?

5. List some examples in your own career where you have been able to successfully draw on both
education and experience to handle a new situation.
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Topic 3: Fire Command Overview

For many fire fighters, serving in a command position at a working fire is the high point of their career.
Yet, others are reluctant to assume command at emergency scenes. Regardless of an officer's personal
feelings, the command function is a basic responsibility of all line officers. This command function is
made up of both specific activities and a human element. This chapter will provide you with an
overview of both.

Why Command?

There are many reasons why people choose to advance to command positions. It is exciting to roll up
to the scene of a major incident and know that you are in charge and the successful outcome of this
incident is dependent on the decisions you make. It is exciting to be a part of the ranks of management
where there are generally more opportunities to make a difference in the way things are done within
the department.

Command is challenging. Fire officers need to know a lot more information and take on a lot more
responsibility than they did when they were fire fighters. It certainly demands more time and
dedication. Yet, many people thrive on that. Some people even choose command positions because
they have some very strong "people™ skills. They enjoy being in a position to help others develop.

On the other hand, command is not for everyone. Some people are just not suited to it. Other people
may be very good in a command position, but at a later time in their lives. The first chapter addressed
the importance of having a good balance of training (or knowledge) and experience as a foundation for
command.

The other factor that comes into play is how each individual handles the responsibilities associated
with command. It can add a lot of stress to someone's life. Some people just do not want that stress.
Anyone who advances to a command position will occasionally experience a fear of failure. For some,
that is just part of the challenge. They know that it is just a passing emotion, and that it makes the
successes seem that much sweeter. Others are frequently held back by their own fear of failure. They
avoid taking risks, including those that present opportunities for growth. Sometimes their fear of
failure also holds back the people who work for them.

Often one of the most difficult adjustments for people who advance to command is the new
relationship they have with the people around them. Sometimes new officers are no longer perceived
as "one of the guys" by the fire fighters that they used to work with. They are now a supervisor: giving
orders, evaluating performance, and looking out for "management” first. Sometimes new officers have
the opposite problem. They are still perceived as "one of the guys" - almost as if nothing had changed.
Fire fighters are often caught off guard when the new officer takes on command responsibilities
because that is not what they are used to seeing from this individual. Either one of these situations can
be uncomfortable for a new officer.

Since you are taking this class, it is reasonable to assume that you are seriously considering a
command position. Or, perhaps you have already been promoted and are taking this class to become a
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better officer. Here are good questions for a fire officer to ponder occasionally. What is it that you find
attractive about command? Which aspects are the most fulfilling to you? What strengths can you bring
to the department as a fire officer? What are some of your fears or concerns? How might they impact
your performance as a fire officer? What can you do to overcome those fears and concerns, and turn
them into strengths instead?

Command Activities

The primary function of fire command is the systematic management of resources to reduce the impact
of an emergency. To successfully carry out this function, the fire officer must engage in five general
activities at every emergency:

¥¢ Collect and analyze facts
Identify and assess probabilities
Determine resource capabilities
Make decisions

Implement a plan

These activities where formalized into a process known as "size-up” by Lloyd Layman in his text,
"Fire Fighting Tactics." These basic activities, as well as the primary function of resource
management, do not change with the type of emergency or the rank of the officer in charge. Each of
these will be discussed in more detail in subsequent chapters.

The Human Element of Command

While we define "command,” as well as the functions and activities associated with it, in a very
specific way, command is an endeavor involving human behavior. As such, it is subject to all the
variances and flaws typical of humans.

There are two "givens™ in command. First, no two individuals are likely to handle an emergency in the
same manner. Each person's perception will be a little bit different. Each may size-up the situation
differently. They will have different levels of training and experience. They may prioritize things
differently, even when guided by set parameters or standard operating procedures (SOPs). And, rarely
is there "one right answer."

The second "given" is that there is no such thing as the "perfect” fireground officer. At one time or
another, all commanders will get excited or flustered, make mistakes or judgment errors, forget things,
or doubt their abilities. They will often look back at an incident and think of things they could have
done differently or better.

These are two important concepts. Acceptance of these two facts will better equip any officer to study
the responsibilities and techniques of fire command.
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Summary

There are a number of reasons why a person may choose a command position or choose not to advance
to a command position. Nevertheless, when a person is in charge of an emergency, there are both
specific command activities that must be accomplished and a human element that impacts the decision-
making process. Acceptance of these two facts will better equip any officer to handle the
responsibilities of command.

Chapter Review Questions

1. What are some reasons why people may choose to advance to a command position?

2. What are some reasons why people may choose not to advance to a command position?

3. What are the five general command activities that must be accomplished at every emergency?

4. What are the two "givens" in the human element of command?
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Activity 3-1

TITLE: Why Command?

INTRODUCTION: An honest evaluation of your feelings can assist in becoming a better
fire officer. This activity is designed to help you reflect on what you
consider to be the advantages and disadvantages of command.

DIRECTIONS: 1. Answer each of the following questions.

1. What is it that you find attractive about command?

2. Which aspects are the most fulfilling to you?

3. What strengths can you bring to the department as a fire officer?

4. What are some of your fears or concerns?

5. How might these fears and concerns impact your performance as a fire officer?

6. What can you do to overcome these fears and concerns, and turn them into strengths instead?
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Topic 4: Fire Chemistry

Fire has always been both a friend and foe to humankind. Controlled, it comforts our lives and propels
our industries. Uncontrolled, it causes havoc and destroys lives and property. The basic duties of the
fireground commander are to control unwanted fire. To accomplish this, a thorough knowledge of fire
chemistry is essential.

Fire Defined
Fire can be defined as a rapid oxidation producing heat, light, and products of combustion.

The Fire Triangle

For many years, fire was depicted by the fire triangle. In order for fire to
occur, three elements had to be present:

(1) Fuel (fuel vapors within their flammable range)

(2) Oxygen

(3) Heat

The Fire Tetrahedron

An additional theory, the fire tetrahedron, was later introduced to explain the fact that fire is actually
further propagated by products produced in the combustion process. The fire tetrahedron is comprised
of the same three elements: a reducing agent (fuel), an oxidizing agent (commonly thought of as
oxygen, but not limited to oxygen), and temperature (heat). The fourth
element of the fire tetrahedron is a chemical chain reaction.

In the chemical chain reaction, fuel vapors combine with heat to produce
free radical fuel fragments. These free radical fuel fragments combine with
oxygen to form hydroxyl free radicals and heat. The hydroxyl free radicals
are now free to burn again. Thus, the chain is propagated and the process
repeats itself.

Reaction

Temperature

Heat (Temperature)

Heat is a form of energy associated with molecular movement. Heat is measured in degrees. Most
people are accustomed to seeing temperature referred to in degrees Fahrenheit. Degree Celsius is
another familiar measurement. However, the heat of combustion is most often measured in BTUs. One
BTU (British Thermal Unit) is the amount of heat required to raise the temperature of one pound of
water one degree Fahrenheit at sea level.

Sources of Heat
There are four sources of heat and are listed in Table 4.1.
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Table 4.1: The Four Heat Sources

Heat Source Example
Chemical Combustion, spontaneous ignition
Electrical Over current conditions, arcing

Mechanical =~ Compression, friction

Nuclear Fission, fusion

Heat is transferred (moved) by three different methods: conduction, radiation, and convection.
Conduction occurs when heat is transferred through a medium, usually by direct contact. The heat is
transferred from atom to atom. A noninsulated handle of a frying pan that becomes hot during cooking
is a common example. Heat has been transferred from the stove, through the pan to the handle.
Conduction occurs in a fire situation when heat is transferred along steel structural members. The
speed and efficiency of heat transfer depends on the type of material, the intensity of the heat, and the
duration of exposure. Conduction is usually the least significant heat transfer method encountered at
structure fires.

Radiation is the transfer of heat via electro-magnetic waves. It does not require a medium, and moves
in all directions. We see radiation daily as the sun heats the earth. When fire spreads to adjacent
exposure buildings it is usually because of radiated heat. Radiated heat can pass through opaque
objects or materials including glass and water. The space between the heat source and the receptive
materials is not necessarily heated to an equal intensity. Radiated heat is a significant factor in the
spread of fire within a structure and/or to exposed structures.

Convection is the transfer of heat via a liquid or gaseous medium. One example of this is a boiler that
uses water as the medium to heat the radiator within a building. We commonly see the effects of
convection in a fire situation as heat rises, using smoke and gas as the medium. Convection can cause
fire to break out several floors above the point of origin. If heated smoke and gases can no longer
travel upwards, they will travel horizontally instead, banking downwards when they reach a wall.
Convected heat is the most significant cause of fire spread within a structure. Preventing the transfer of
heat is one of the primary functions of fire suppression.

Fuel (Reducing Agent)

A fuel is any substance that will produce heat during combustion. Fuels are also known as reducing
agents, substances that are capable of reducing an oxidizer and losing electrons in the process.

Fuels can exist in three physical forms: solid, liquid, and gas. Regardless of its original form, the fuel
must first be vaporized (turned to gas) before it can be ignited. Solids and liquids do not burn; they
give off flammable gases that burn. The fuel for a flammable or combustible liquid is the vapor.
Generally, it is easier to ignite a gaseous fuel than a solid fuel because it does not need to be vaporized
first.
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Fire is classified by the type of fuel involved. These are shown in Table 4.2.
Table 4.2: Classes of Fuels

Class Type of Fuel Examples
A Ordinary Combustibles Paper, wood, clothing, trash, grass,
rubber, many plastics
B Flammable Liquids and Gases Gasoline, alcohol, grease, flammable
gases
C Energized Electrical Equipment Overheated motors, electronic equipment,

circuit breakers

D Combustible Metals Magnesium, lithium, titanium, sodium,
potassium, calcium, zirconium, zinc

One characteristic that all fuels have in common is an ignition temperature. This is the minimum
temperature that is required to cause self-sustained combustion, independent of a heat source. Ignition
temperatures vary widely between different fuels.

Table 4.3: Approximate Ignition Temperatures of Some Common
Fuels

Solids Liquids * Gases *
Ignition Ignition Ignition
Example Temp (°F) Example Temp (°F) Example Temp (°F)
Matches 325 Acetone 869 Methane 999
Carbon Soot 366 Kerosene 410 Propane 842
Paper 450 Acrolein 455 Butane 550
Wood (average) 392 Gasoline (low octane) 536 Carbon Monoxide 1128
Cotton Fibers 490 - 750 | Ethyl Alcohol 685 Hydrogen 932
Polyvinyl Chloride 800 - 900 | Isopropy! Alcohol 750 Anhydrous Ammonia 1204
Polyester 840 - 1040 | Turpentine 488 Acetylene 581

*Source: NFPA Fire Protection Guide to Hazardous Materials, 11th Edition

These ignition temperatures are approximations based on laboratory testing. Every fire situation is
different. The same fuel may ignite at different temperatures in different situations. Factors that
influence when a fuel actually ignites include:

U Moisture content of the fuel
U Relative humidity in the atmosphere
O Fuel configuration (horizontal or vertical)
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O Shape of the fuel

O Intensity and duration of heat exposure
U Amount of fuel surface exposed

U Ratio of fuel surface to mass of fuel

Oxygen (Oxidizing Agent)

All matter will oxidize when exposed to air. This is called the oxidation process. Normal oxidation is
the slow combination of a material with oxygen, resulting in the liberation of both products of
combustion and heat energy. Normal oxidation is a slow process because little or no heat is added. The
rusting of metal or the yellowing of paper are examples. When heat is added the process is accelerated
the result is combustion.

Oxygen is not a flammable gas. Rather, it supports and assists the combustion process. The available
concentration of oxygen directly affects the combustion process.

Table 4.4: The Effects of Oxygen Content on Combustion

% Oxygen in Air Effects on Combustion
21 Intensifies the combustion process. Not often encountered on the fireground.
16-21 Open burning with flame production.
10 - 15 Smoldering with minimal flame production. I_nef_ficient combustion. _Produces
dense, toxic smoke. Caused by lack of ventilation or extreme density of fuel.
0-9 Combustion will not occur.

Table 4.5 shows the effects of oxygen depletion on human health just for comparison. It is important
when considering the tactic of smothering a fire by excluding oxygen. In fact, OSHA requires that
personnel wear SCBA when entering atmospheres containing less than 19.5% oxygen. (Note: This data
does not account for individual differences in breathing rate or length of time exposed. The symptoms
also reflect reduced oxygen levels only. If the atmosphere is contaminated with toxic gases, other
symptoms may develop.)

Table 4.5: The Effects of Oxygen Depletion on Human Health

% Oxygen in Air Symptoms
21 None. Normal condition.
195 OSHA legal limit requiring SCBA.

Some impairment of muscular coordination. Increase in respiratory rate to

17 :
compensate for lower oxygen concentration.

12 Dizziness, headache, and fatigue.
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9 Unconsciousness.

6 Death within a few minutes from respiratory failure and concurrent heart failure.
This side of the fire tetrahedron is not limited to oxygen. Oxidizers will intensify a fire even more by
releasing oxygen or heat or both. Oxidizers are broken down by NFPA into four separate classes
(Table 4.6). According to this classification scheme, oxidizers can range in hazard from Class | (slight
increase in burning rate) to Class IV (capable of undergoing explosive reactions).

Table 4.6: Oxidizers (Class, Descriptions and Examples)

Class Description Examples
- . . L e All inorganic nitrates
An oxidizer whose primary hazard is that it slightly (unless otherwise classified)

increases the burning rate, but does not cause

1 spontaneous ignition when it comes in contact with ¢ g%%;oii%%er?g'g(; ?;IL)‘“O”S
combustible materials. k .°’ ] P 7P
o Nitric acid (< 40%)
L _ i . e Calcium hypochlorite
An oxidizer that will cause a moderate increase in (<50% by weight)
the burning rate or which may cause spontaneous N .
2 ¢ Hydrogen peroxide

ignition of combustible materials with which it comes

in contact. (>27.5% and up to 52%)

o Nitric acid (>40%, but <86%)

An oxidizer that will cause a severe increase in the e Calcium hypochlorite
burning rate of combustible materials with which it (>50% by weight)

3 comes in contact, or which will undergo vigorous e Nitric acid, fuming (>86%)
self-sustained decomposition due to contamination .
or exposure to heat. * Sodium chiorate

An oxidizer that can undergo an explosive reaction e Ammonium Perchlorate

due to contamination or exposure to thermal or e Hydrogen peroxide solutions (>91%)
4 physical shock. In addition, the oxidizer will enhance

the burning rate of combustibles and may cause

spontaneous ignition.

e Tetranitromethane

The Chemical Chain Reaction

The last component of the fire tetrahedron is the chemical chain reaction. It is a self-sustaining series
of chemical activity in which the products of the reaction contribute directly to the continuance of the
reaction.

The chain reaction in combustion is begun when a reducing agent (fuel) is exposed to an oxidizing
agent (air or an oxidizer) in the presence of sufficient heat. The molecular structure of both the fuel and
the oxygen (or oxidizer) are altered or changed. Electrons are lost and received. Chemical changes of
combustion produce electrons known as free radicals.

Molecular change also produces heat. This is called an exothermic reaction. The heat generated causes
more free radicals to be produced. This, in turn, causes more heat again. In theory, once this reaction is
begun, it will continue as long as sufficient heat, fuel, and oxygen are available.
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The Combustion Process
Simply stated, the process consists of the following steps:

The presence of heat increases oxidation.
The fuel undergoes chemical and physical changes as it oxidizes.
The fuel produces vapors.

This change produces heat, which will increase the oxidation.

© o~ w e

7. Heatand light are produced.

A molecular change occurs between the vapors and the oxygen within the air.

Flame production occurs when the fuel's ignition temperature is reached.

This process may be oversimplified, for there are many other variables and factors involved. However,
there are two key points that must be remembered. First, combustion is a dynamic chemical process.
Second, the four components of the tetrahedron must be present in sufficient quantities and a proper

ratio in order to sustain combustion.

Summary

Fire is defined as a rapid oxidation producing heat, light, and products of combustion. For many years,
it was depicted using the fire triangle with three necessary elements: fuel, heat, and oxygen. An
additional theory, the fire tetrahedron, was later introduced to explain the fact that fire is actually
further propagated by products produced in the combustion process. It consists of a reducing agent
(fuel), temperature (heat), oxidizing agent (oxygen), and a chemical chain reaction. This chapter

provided an overview of each.

Chapter Review Questions

1. What are the three elements of the fire triangle?

2. What are the four elements of the fire tetrahedron?
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3. List the four sources of heat and give an example of each.

4. List the three methods of heat transfer (movement) and give an example of each.

5. What must happen to a fuel before it can burn?

6. Define ignition temperature.

7. What are some of the factors that influence when a fuel actually ignites?

8. What is the OSHA legal limit requiring the use of supplemental oxygen in an oxygen deficient
atmosphere?

9. What is meant by the "chemical chain reaction?" How does it work?
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Topic 5: Fire Phases

A fire generally goes through three predictable phases: incipient, free burning and smoldering.
However, it is important to note that numerous variables can affect a fire's behavior. A fire may or may
not go through each of the phases. The duration of each phase can vary drastically. And, it cannot be
guaranteed that all fires will begin or end with a particular phase. These phases are a generalization of
what is likely to occur.

It is important for the fire officer to understand these three phases of fire, how to recognize them and
the hazards associated with each in order to make appropriate strategic and tactical decisions.

The Incipient Phase

The incipient phase is generally the first stage of a fire. The temperature of the room is raised only
slightly: 100°F to 110°F. The oxygen content in air is also close to normal: 20%. Smoke is present
above the site of the fire, but only impairs visibility slightly. Minor amounts of gases are being
produced. Those gases include water vapor, carbon dioxide, carbon monoxide, and sulfur dioxide.
Other gases may be present depending on the fuel involved.

The temperature at the base of the fire is approximately 100°F. However, convected heat begins to
form a thermal column. Heat and smoke rise above the fire into upper levels of the room or building.
Radiated heat begins to preheat fuels in the immediate fire area.

The fire will continue to grow as more fuel is consumed. The overall atmosphere becomes
progressively hostile with increased heat, increased toxicity, and decreased visibility.

The Free Burning Phase

In the free burning phase, the temperature is significantly higher in the fire room, as high as 1300°F in
upper areas. The oxygen level drops to between 16% and 20%. Visibility is seriously reduced. The
production of gases continues at an increasing rate with gases collecting at upper levels.

Convected heat forms a definite thermal column. Heat and smoke rise vertically above the fire. Once
they reach the ceiling or another vertical barrier, heat and smoke start spreading horizontally. Cooler,
fresher air is pushed down and out.

Radiated heat will preheat other fuels in the area. Fuels with fairly low ignition temperatures (300°F -
500°F) begin to ignite. Convected heat may begin to affect objects such as beams, pipes, and walls that
extend to uninvolved portions of the structure.

The fire behavior depends on the availability of oxygen. Fire will continue to grow as oxygen enters
the building through windows, doors, or other openings. It will intensify even further when the fire
vents itself to the exterior atmosphere. If, on the other hand, there is insufficient oxygen to sustain
combustion, fire will enter the smoldering phase.
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The Smoldering Phase

During the smoldering phase, the temperature in the room may drop to approximately 1000°F. These
temperatures will be present throughout most of the room, no longer concentrated in the upper areas
alone. The oxygen level drops to between 11% and 15%. Heavy smoke will be present, drastically
reducing visibility in the area. Significant concentrations of gases will be present due to incomplete
combustion. Toxicity of the atmosphere will be extremely high.

Although the thermal column will no longer be distinctly visible, convected heat will be affecting fuels
in the entire area. There will be less radiant heat because of reduced flame production. However, the
heat present will increase the pressure within the structure.

The critical factor in the smoldering phase of a fire is the reduced oxygen level in the fire area. If this
condition continues, combustion will cease, and the heat and pressure will gradually dissipate. While
fire fighters do not often encounter a fire in the smoldering phase, it is important to recognize it and
understand its dangers. The most serious consequence is the threat of a backdraft. Backdraft is
discussed in the next section.

What fire fighters do often encounter are fires that have vented themselves after passing through a
smoldering phase. The heat may cause a window to fail, introducing new oxygen into the involved
room or building. The build up of pressure inside the structure may also cause an air exchange with the
exterior atmosphere through cracks or other openings in the building. Once the fire has vented,
combustion will increase significantly. It will generally result in the fire entering (or re-entering) the
free burning phase.

Backdraft

A backdraft is defined as a rapid combustion of heated gases and suspended fuel particles when
oxygen is introduced into a fire structure that has a low concentration of oxygen resulting from
inadequate ventilation. Backdrafts can result in extensive property damage, and pose a genuine threat
to fire fighters.

Backdrafts are usually encountered in situations where a fire has been smoldering for a prolonged
period in a relatively confined area. The room or building is vented suddenly, either because the
pressure buildup causes a window or other opening to fail, or because someone inadvertently opens a
door or window, unaware of the consequences. Pressure and heated gases rush from the fire area. As
the pressure is equalized, fresh oxygen from the exterior atmosphere enters the room or building.
Oxygen levels return to near normal. Suspended fuels and flammable gases that have accumulated
within the fire area ignite. The ignition often occurs with a near-explosive force. Fire fighters have
been killed or injured by the force of a backdraft.

It is important to recognize the signs of a potential backdraft. They include darkened smoke; stained
windows; little or no flame present; dark smoke issuing from cracks or other openings; a closed, tight
structure; and smoke exiting the structure in "puffs,"” rather than "billowing."

The proper method of controlling a potential backdraft situation is to carefully vent the structure,
releasing the pressure and gases inside. The preferred method is to vent vertically, as high as possible,
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with a coordinated suppression effort. Horizontal venting is recommended only when vertical venting
is not practical or not safe for some reason, and even then must be done with extreme caution.

Flashover

Flashover is a more common occurrence than backdraft, although less information is actually known
about it. Flashover is the stage of a fire at which all fuel surfaces within the fire area are heated to their
ignition temperatures and ignite. It was originally thought to be caused by the release of flammable
gases during combustion. Now it has believed to be attributed to the overall build up of heat caused by
the fire.

The size of the fire area and the amount of available fuel load will impact the development of
flashover. Flashover will occur sooner in smaller areas containing a high fuel load, whereas the
opposite is true for a large area with little fuel loading. Tests of an ordinary dwelling with plaster finish
and a light fuel load indicate that approximately 30 minutes of burning is required prior to flashover.
However, that is only one example. It may occur a lot quicker under other conditions.

Flashover significantly increases the area of fire involvement, as well as the rate of combustion. It
usually requires a dramatic increase in suppression efforts. Flashover usually occurs during the
incipient or free burning phases, and can be the connecting process between the two. It may happen
before fire fighters ever arrive on-scene, or a considerable time after firefighting efforts have begun.
Fire fighters need to be alert to